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Abstract. Total soluble solids (TSS) and fruit fresh weight are two indicators to
show the quality of tomato fruits. To gain high values of TSS and fruit fresh
weight, it is important to consider the concentration of nutrient solution, which is
commonly represented by Electrical Conductivity (EC) value. Generally, the
increasing of EC value not only increases the number of TSS, but also decreases
fruit fresh weight. Therefore, it is important to optimize the EC value for both
indicators of quality of tomato fruits. The objective of this research is to optimize
the EC value of nutrient solution on each generative stage using Artificial Neural
Network (ANN) and Genetic Algorithms (GA). ANN was used to identify the
relationship between different EC value treatments with TSS value and fruit
fresh weight. GA was applied to determine the optimal EC value in generative
growth, which is divided into three stages. Results showed that the optimal EC
values in the flowering stage, the fruiting stage and the harvesting stage were 1.4
mS/cm, 10.2 mS/cm and 9.7 mS/cm, respectively.
Keywords: artificial neural network; genetic algorithm; hydroponics; tomato fruits
quality.
1 Introduction
Tomato fruit quality can be determined by the following parameters: soluble
solid, fresh weight, fruit size, acidity, dry matter, stiffness and flavor. Soluble
solids content and fruit fresh weight are the most important indicators for
determining tomato fruits quality. Soluble solid content indicates the total solid
in fresh tomato fruit soluble in water. It is commonly represented by total
soluble solids (TSS) and measured using a refractometer on weight basis (%
brix). Fruit fresh weight is usually affected by its water content. The higher the
weight of fresh tomato, the higher the water content is. TSS value and fruit fresh
weight are factors related to each other. An increase value in one factor is
always associated with a decrease in the other, vise-verse.  Both parameters are
affected by the concentration of nutrient solution which is commonly
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Previous studies showed that increasing the concentration of nutrient solution
could improve tomato fruit quality by the increase in the number of TSS [1-4].
Unfortunately, as described above, the fruit fresh weight would be decreased
[5]. However, excessively high EC value of nutrient solution was associated
with poor plant growth. When it was too low, plant growth was stunted from
lack of fertilizer [6]. Therefore, it is important to determine the optimum EC
value in order to produce tomato fruit with high TSS value and high fruit fresh
weight. Accordingly, tomato fruit can be produced with high quality and
economic value as desired.
This experiment was conducted with the objective to optimize the EC value in
tomato crop cultivation. It was important to identify the relationships between
different treatments of EC values and both TSS value as well as fruit fresh
weight. Since it was difficult to explain those relationships in mathematical
models due to the complexity of the physical and physiological processes
involved, another approach was used. Artificial Neural Network (ANN)
program is usually suitable for use in dealing with complex systems, such as
cultivation system, than that of traditional mathematical methods [7]. ANN has
the capability to identify an unknown complex dynamic system [8]. The
benefits of using ANN program treatments are due to first its massively parallel
distributed structure, and second, its ability to learn and therefore generalize [9].
In addition to the ANN program, Genetic Algorithms (GA) as a powerful tool
for use in an optimization process was also used. GA is a combinatorial
optimization technique capable of dealing with a complex objective function
and simulates the biological evolutionary process based on crossover and
mutation in genetics [10].
2 Materials and Method
2.1 Experimental Set Up
The experiment was conducted in a hydroponics system inside a greenhouse
located in Agricultural and Forestry Research Center, University of Tsukuba.
The study was focused to gain high TSS value and fruit fresh weight of tomato
fruits. Therefore, the optimization process was conducted only in the generative
growth phase.
The generative growth was divided into three stages; (1) flowering, (2) fruiting,
(3) harvesting. In all stages, the treatments were consisted of two different EC
values and two different planting densities (Figure 1). Therefore, there were
four patterns of treatments in this experiment. Morimoto et al., [11] found that
three or more data sets were necessary for identification using ANN. The EC
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level (range 8,0-10,2 mS/cm). The planting densities consisted of 25 cm and 10
cm plant spacing, respectively.
Figure 1 Schematic diagram of experiment.
2.2 Materials
Tomato (Lycopersicum  esculentum, Mill) cultivar ‘Money Maker’ seeds were
sown in trays with moist vermiculite in a greenhouse. When the cotyledons
were fully open, the seedlings were transplanted into rockwool cubes (125 cm3,
Nittobo Co., Ltd., Japan) and grown in deep flow technique (DFT) system with
Otsuka-A nutrient solution (Otsuka Chemical Co., Ltd., Osaka, Japan). In this
stage, the nutrient solution was adjusted to an EC of 1.2 mS/cm and pH of 6.5-
7.0. After 1 month, the seedlings were transplanted to nutrient film technique
(NFT) hydroponics system. Otsuka-B nutrient solution was used in the NFT
system in greenhouse. It was supplied to tomato plants in all treatments. When
the first flower was opened on the first truss of each plant, pollination was
promoted by a vibrator and spraying of 2-methyl-4-chlorophenoxyacetic acid
(4-CPA). And then the plants were pinched above so that each plant only had
one truss.
2.3 Development of Artificial Neural Network (ANN) model
ANN was used to predict the number of TSS and fruit fresh weight. In this
study, the ANN model consisted of three layers: input layer, hidden layer and
output layer. Some studies [11-14] showed that a three-layer neural network
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spacing, EC value in flowering stage (EC1), EC value in fruiting stage (EC2) and
EC value in harvesting stage (EC3) were inputted, while TSS value and fruit
fresh weight were used as the value of the output layer (Figure 2).
Figure 2 Structure of ANN model.
Back-propagation was used as the learning method, which is composed of two
procedures: feed-forward and back-propagation weight trainings. A sigmoid
function was selected as the activation function for both hidden layer and output
layer. This function has a lengthy history in neural network applications [15],

















xi, wi, n are the inputs, weights and number of inputs, respectively.
The data samples were divided into two data sets, a training data set and a
testing data set. A training data set was used for training the neural network, and
a testing data set was used for evaluating the accuracy of the identified model.
This type of model validation was called “cross-validation” [16]. The total a
training data set was 65% of all data. The training process resulted weight
values of the ANN model for the relationship between input and output
parameters. All variables were normalized between 0 and 1, using fixed
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2.4 Development of Genetic Algorithms (GA) model
GA was used to determine the optimal EC value in flowering, fruiting and
harvesting stages. The optimization process was done separately with the ANN
model development. The weight values from ANN training were used as input
for GA model to predict TSS and fruit fresh weight. Also, EC values (EC1, EC2,
and EC3) were used as input for GA model. The EC values were determined
through searching method in GA model.
The objective function was given by the sum of the average value of TSS and
fruit fresh weight on each stage (Equation 3). The problem of this summation
was the different units of TSS value and fruit fresh weight. To avoid the




























Maximize F(EC1, EC2, EC3)
Subject to 1,4 EC1  9,6; 2,2 EC2  10,2; 2,1 EC3  9,7 mS/cm
where
F(EC1, EC2, EC3) : function of nutrient concentration, dimensionless.
TSS : Total soluble solid (%)
W : Fruit fresh weight (g)
m : number of plants
n : number of treatments
In order to employ GA, individual, fitness and GA operators were defined as
follows:
1. Definition of the individual:
In the GA optimization, an individual represented a candidate for the
optimal solution. In this problem, the optimal EC value in flowering,
fruiting and harvesting stages were determined. Therefore, the three optimal
values of nutrient concentration, EC1, EC2, EC3 represented an individual
and each EC representative was coded as six-bit binary string. As an
illustration, an individual was given as follow:
Individual = EC1, EC2, EC3
= 011000, 101001, 001010 (binary string)
= 4.52, 7.40, 3.30 (decimal values)
A set of individual was called a population. They evolved toward better
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2. Fitness function:
Fitness function was an indicator to show the quality of an individual. All of
individuals in population were evaluated in terms of their performances by
this function. The higher fitness functions of an individual, the better the
ability to survive. In this problem, i.e., maximizing problem, fitness
function was given as same as objective function (Equation 3).
3. GA operators
The main operators were crossover and mutation. Crossover combined
features from two individuals based on crossover rate (Pc). It operated by
swapping corresponding component in the binary strings representing an
individual. Here, one-point crossover was used in each parameter of EC.
Mutation inverted one or more bits binary string (also called gene) in each
individual based on mutation rate from 0 to 1 or 1 to 0.
Figure 3 Flowchart of optimization process using GA.
Procedures of optimization using GA can be seen in Figure 3 and could be
further explained as follows:
a) An initial population consisting of ten individuals was generated at
random.
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c) The performance of each individual was evaluated using the elitism
strategy, i.e., 60% of all individuals with highest performance was
selected and retained for next generation.
d) Crossover and mutation operations were applied to the selected
individuals.
e) The new population was created.
f) Steps (b) to (d) were repeated until the required generation number
achieved. An optimal value was given as an individual with highest
fitness.
3 Results and Discussion
3.1 Identification Process by using ANN
The training process was carried out using the following ANN parameters:
learning rate = 0.6, momentum value = 0.6 with total iteration of 1000 and
seven nodes of hidden layer. Figure 4 shows the identification results in the
response of TSS value and fruit fresh weight to the EC values, plant spacing and
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Figure 4 Comparison between measured data and predicted data by ANN
models; A: TSS value; B: fruit fresh weight.
It can be seen in Figure 4 that the coefficients of determination (R2) values for
TSS value and fruit fresh weight are 0.9185 and 0.6366, respectively. Overall, it
was found that the predicted data were closely related to measured data. This
result means that a reliable computational model could be obtained for
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3.2 Optimization Process by using GA
As explained in the previous section, GA was used to determine the optimal EC
value in flowering (EC1), fruiting (EC2) and harvesting (EC3) stages. GA
searched the optimal EC value by interval 1.4  EC1  9.6; 2,2  EC2  10.2;
2.1  EC3  9.7 mS/cm. GA operators (crossover and mutation rate) are
important factor for the algorithm to perform the optimization satisfactorily.
The crossover rate (Pc) was selected to be 0.6, while mutation rate (Pm) was
selected to be 0.05, respectively. By those values, expectedly, both the diversity
of individuals and a global optimum can be reached.
Figure 5 shows the evolution curves during the search for an optimal value of
the fitness. The fitness value increased sharply from the first to 12th generation
and reached the maximum value at 22nd generation. From 12th to 22nd
generation, the fitness value increased gradually from 1.0563 to 1.0604. After


























































Figure 6 Evaluation curves in searching the optimal EC values on each
generative growth stage.
Figure 6 shows the evolution curves during the search for the optimal EC values
on each generative stage. GA optimizer recommended maintaining a markedly
lower level (1.4 mS/cm) at flowering stage (EC1), and a slightly high level at
both fruiting and harvesting stages. The optimal EC values were 10.2 and 9.7
mS/cm at the fruiting and harvesting stage, respectively. In hydroponics system,
it is known that the concentration of nutrient solution is one of the most
important control factors for adjusting the balance between the vegetative and
generative growth [17]. In the vegetative growth, as explained previously,
plants focus on the development of root, stem and leaf. Therefore, maximum
water uptake by root is needed. However, the low EC value is essential for the
plants. The flowering stage is the first stage after vegetative stage. In this stage,
the low EC value could be effective in suppressing the excessive vegetative
growth. On the other hand, the high EC value in the fruiting and harvesting
stages appears to be useful in accelerating generative growth. By this reason,



































































Figure 7 The estimated TSS value and fruit fresh weight to the optimal EC
value.
Figure 7 shows the estimated TSS value and fruit fresh weight results calculated
through the simulation using ANN model. The upper figure is the estimated
TSS value of tomato fruit. The lower figure is the estimated fruit fresh weight of
tomato fruit. By the optimal EC value, it was estimated that the results of TSS
value and fruit fresh weight were 7.9% and 51.34 g, respectively. These results
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4 Conclusion
A computer program for optimization of EC values of nutrient solution on
hydroponics system was developed using Artificial Neural Network (ANN) and
Genetic Algorithms (GA). ANN was used to identify the relationship between
differences EC value treatments with TSS value and fruit fresh weight. GA was
applied to determine the optimal EC value. The ANN model consisted of three
layers with seven nodes of hidden layers. The results indicated that the
predicted data were closely related to measured data. GA model successfully
searched the optimal EC values in flowering, fruiting and harvesting stages that
were for 1.4 mS/cm, 10.2 mS/cm and 9.7 mS/cm, respectively.
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